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DETAILED ACTION 

Specification 

1 . The substitute specification provided by applicant is acknowledged. 

Claim Rejections - 35 USC § 103 

2. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 1 02 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

3. Claims 1-1 1 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Nakano et al., US Patent No. 6,680,540 in view of Miyamoto et al. US patent No. 
6,670,714. 

Regarding claim 1 , Nakano teaches (figs. 5, 7a-7h) a semiconductor device 
comprising: a first inter-layer insulation film (18) formed over a substrate (10a) and 
including a first low dielectric constant film (18, Silk dielectric) whose dielectric constant 
is lower than of silicon oxide (Iayer18 can be Silk dielectric with dielectric constant of 
2.65 that is lower than silicon oxide) and a hydrophilic insulation film (19, layer 19 can 
be formed of silicon oxide which is hydrophilic insulation film, col. 18, lines 30-35) 
formed on the first low dielectric constant film (18); a first interconnection layer (2) 
buried in a first inter-layer interconnection trench (7, refer to fig. 7h) formed in the first 
insulation film (18), whose minimum interconnection pitch is first pitch (interconnection 2 
has a certain pitch that is taken as a first pitch); a second inter-layer insulation film (18, 
the dielectric layer 18 above the first interlayer 1 8, fig. 5) formed over the first inter-layer 
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insulation film (18) and including a second low dielectric constant film (18) whose 
dielectric constant is lower than that of silicon oxide (layer 18 can be Silk dielectric with 
dielectric constant of 2.65 that is lower than silicon oxide); a second interconnection 
layer (the interconnection layer 2 in the middle part of fig. 5) buried in a second 
interconnection trench formed (7, fig. 7h) in the second inter-layer insulation film (18) 
whose minimum pitch is a second pitch (the middle interconnection has a certain pitch 
that is a second pitch), a diffusion preventing film (barrier film 3) formed directly on the 
second low dielectric constant film and (layer 3 is formed directly on the side surface of 
the second low dielectric constant film 18 and the second interconnection layer 2, refer 
to the middle part of fig. 5) the second interconnection layer. 

Nakano does not explicitly state that the second pitch is larger than the first pitch. 

Miyamoto teaches (fig. 4) a multi-level interconnection structure whose minimum 
interconnection pitch is a first pitch (interconnections formed in the lower part of fig. 4) 
and a second interconnection pitch is a second pitch larger (interconnections formed in 
the middle region have a second pitch that is larger than the lower region) than the first 
pitch in order to prevent contact failure from occurring and improve the reliability of the 
semiconductor device. 

It would hgve been obvious to one of ordinary skill in the art at the time the 
invention was made to incorporate the teachings of multi-level interconnection with 
different pitches in the structure of Nakano in order to prevent contact failure from 
occurring and improve the reliability of the semiconductor device. 
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Regarding claim 2, Nakano teaches substantially the entire claimed structure of 
claim 1 above including a third inter-layer insulation film (the interlayer insulating layer 
18, formed on the top portion of the interconnection structure) formed over the second 
inter-layer insulation film (inter layer 18 in the middle) and including an insulation film 
(18, note that the insulating film can be made of inorganic insulation film such as silicon 
oxide and has a dielectric constant higher than the first and second low dielectric 
constant films) having dielectric constant higher than the first low dielectric constant film 
and the second low dielectric constant film and third interconnection layer (the 
interconnection layer on the top portion of the interconnect structure 2) buried in a third 
trench formed in the third inter-layer insulation film (refer to fig. 7h), whose minimum 
interconnection pitch is a third pitch. 

Nakano does not explicitly teach the third pitch is larger than the first pitch and 
second pitch. 

Miyamoto teaches (fig. 4) a multi-level interconnection structure whose minimum 
interconnection pitch is a first pitch (interconnections formed in the lower part of fig. 4), a 
second interconnection pitch is a second pitch larger (interconnections formed in the 
middle region have a second pitch that is larger than the lower region) than the first 
pitch and a third pitch (interconnection formed on the upper portion of fig. 4) in order to 
prevent contact failure from occurring and improve the reliability of the semiconductor 
device. 

It would have been obvious to one of ordinary skill in the art at the time the 
invention was made to incorporate the teachings of multi-level interconnection with 



Application/Control Number: 10/816,955 Page 5 

Art Unit: 2811 

different pitches in the structure of Nakano in order to prevent contact failure from 
occurring and improve the reliability of the semiconductor device. 

Regarding claim 3, Nakano teaches substantially the entire claimed structure of 
claim 1 above including a diffusion preventing film (3) formed directly (on the side 
surface of the hydrophilic insulation film 19 and the first interconnection layer 2, lower 
interconnection 2, fig. 5) on the hydrophilic insulation film (19) and the first 
interconnection layer (2) (refer to fig. 5). 

Regarding claim 4, Nakano teaches substantially the entire claimed structure of 
claim 2 above including a diffusion preventing film (3) formed directly on the hydrophilic 
insulation film (19) and the first interconnection layer (2) (refer to fig. 5, diffusion 
prevention film 3 is directly formed on the side surface of the hydrophilic insulation film 
19 and on the side surface of the lower interconnection layer 2). 

Regarding claim 5, Nakano teaches substantially the entire claimed structure of 
claim 1 above except explicitly stating that the second pitch is 1.5 or more times the first 
pitch. 

Parameters such as pitch and width in the art of semiconductor manufacturing 
process are subject to routine experimentation and optimization to achieve the desired 
device characteristics during fabrication. 

Therefore, it would have been obvious to one of ordinary skill in the art at the 
time the invention was made to adjust the first and second pitch in the structure of 
Nakano as claimed in order to prevent contact failure from occurring and improve the 
reliability of the semiconductor device. 
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Regarding claim 6, Nakano teaches substantially the entire claimed structure of 
claim 2 above except explicitly stating that the second pitch is 1 .5 or more times the first 
pitch. 

Parameters such as pitch and width in the art of semiconductor manufacturing 
process are subject to routine experimentation and optimization to achieve the desired 
device characteristics during fabrication. 

Therefore, it would have been obvious to one of ordinary skill in the art at the 
time the invention was made to adjust the first and second pitch as claimed in the 
structure of Nakano in order to prevent contact failure from occurring and improve the 
reliability of the semiconductor device. 

Regarding claim 7, Nakano teaches substantially the entire claimed structure of 
claim 1 above including the low dielectric constant film is a SiLK film (col. 1 8, lines 1 8- 
30). 

Regarding claim 8, Nakano teaches substantially the entire claimed structure of 
claim 1 above including the interconnection layer (2) is buried in a via hole (fig. 5) 
formed the inter-layer insulation film (18) and in the interconnection trench formed in a 
region of the inter-layer insulation film, which includes the via hole (refer to figs. 5 and 

7h). 

Regarding claim 9, Nakano teaches substantially the entire claimed structure of 
claim 1 above including the main material of the interconnection layer is Cu (col. 18, 
lines 5-12). 
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Regarding claim 10, Nakano teaches (figs. 5 and 7a-7h) a semiconductor device 
comprising: a first interconnection layer (2, bottom portion of fig. 5) formed over 
substrate (10a, fig. 7a) and including plurality interconnection layers (fig. 5) whose 
minimum interconnection pitch is first pitch (fig. 5), at least one of the interconnection 
layers being buried in an opening formed in a first inter-layer insulation film (18, refer to 
fig. 7h) including a first low dielectric film (18 is formed of Silk and has a dielectric 
constant lower than silicon oxide) whose dielectric constant is lower than that of silicon 
oxide and a hydrophilic insulation film (19, is formed of silicon oxide therefore 
hydrophilic) formed on the first low dielectric constant film (18); and a second 
interconnection layer (middle interconnection 2) formed over the first interconnection 
layer (2) and including minimum interconnection layers whose interconnection pitch is a 
second pitch, the plurality of the interconnection layers being buried in openings formed 
in a plurality of second interlayer insulation film (18 and refer to fig. 7h, where the 
process is shown for forming the first interconnection, but the process is repeated to 
form the structure in fig. 5) including a diffusion prevention film (3, barrier layer) and a 
second low dielectric constant film (layer 18 formed in the middle) whose dielectric 
constant is lower than that of silicon oxide (18 is formed of Silk and has a dielectric 
constant lower than silicon oxide), the second low dielectric constant film (the middle 18 
is formed on the diffusion preventing film 3 of the first interconnection layer), the 
respective openings being formed in the respective second inter-layer insulation film 
(18, middle), the respective interconnection layers (2, middle) being buried in the 
respective openings (refer to figs. 7a-7h). 
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Nakano does not explicitly teach a first multilayer interconnection layer, a second 
multilayer interconnection layer formed over the first multilayer interconnection layer 
whose minimum interconnection pitch is larger than the first pitch or the diffusion 
preventing film of one second inter-layer insulation film being formed directly on the 
second low dielectric constant film of another second inter-layer insulation film 
underlying said one second inter-layer insulation film. 

Miyamoto teaches (fig. 4) a first multilayer interconnection layer (bottom 
interconnection, fig. 4) including plurality of interconnections layers whose minimum 
interconnection pitch is a first pitch (fig. 4) and a second multilayer interconnection layer 
(middle interconnection) formed over the first multilayer interconnection layer whose 
minimum interconnection pitch is larger than the first pitch (bottom interconnection has 
smaller pitch than the middle interconnection layers, fig. 4). 

It would have been obvious to one of ordinary skill in the art at the time the 
invention was made to incorporate the first and second multilayer interconnection layers 
with different pitch taught by Miyamoto in the structure of Nakano in order in order to 
form a multilayer interconnection structure with improved reliability. 

Furthermore the combined structure of Nakano and Miyamoto teaches the 
diffusion preventing film of one second inter-layer insulation film being formed directly 
on the side surfaces of the second low dielectric constant film of another second inter- 
layer insulation film underlying the one second inter-layer insulation film. 

Regarding claim 11, Nakano teaches substantially the entire claimed structure of 
claim 10 above except explicitly stating that a third multilayer interconnection layer 
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formed over the second multilayer interconnection layer and including a plurality of 
interconnection layers whose minimum interconnection pitch a third pitch larger than the 
first pitch and the second pitch, the plurality of interconnection layers forming the third 
multilayer interconnection layer being buried in an opening formed in a third inter-layer 
insulation film. 

However Nakano discloses a third interconnection layer formed over the second 
interconnection layer where the third interlayer insulation film can be of an inorganic 
insulation film (col. 18, lines 18-25). 

Miyamoto teaches (fig. 4) a third multilayer interconnection layer (the upper 
interconnection layer of fig. 4) formed over the second multi-level interconnection layer 
(layer 23 and the layer above it, fig. 4) and including a plurality of interconnection layers 
whose minimum interconnection pitch is a third pitch (interconnections formed in the 
upper part of fig. 4) larger than the first pitch and the second pitch (fig. 4) in order to 
prevent contact failure from occurring and improve the reliability of the semiconductor 
device. 

It would have been obvious to one of ordinary skill in the art at the time the 
invention was made to incorporate the teachings of the multi-level interconnection with 
different pitches in the structure of Nakano in order to prevent contact failure from 
occurring and improve the reliability of the semiconductor device. Furthermore it is with 
the skill one of ordinary skill in the art to pick an inorganic insulating film as the third 
interlayer insulation film in the structure of Nakano in order to form a reliable 
interconnection structure that is less prone to failure. Therefore the combined structure 
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of Nakano and Miyamoto inherently teaches a third interlayer isolation film having 
dielectric constant higher than the first low dielectric constant film and the second low 
dielectric constant film. 

Response to Arguments 

4. Applicant's arguments with respect to claims 1-1 1 have been considered but are 
moot in view of the new ground(s) of rejection. 

Conclusion 

5. Applicant's amendment necessitated the new ground(s) of rejection presented in 
this Office action. Accordingly, THIS ACTION IS MADE FINAL. See MPEP 

§ 706.07(a). Applicant is reminded of the extension of time policy as set forth in 37 
CFR 1.136(a). 

A shortened statutory period for reply to this final action is set to expire THREE 
MONTHS from the mailing date of this action. In the event a first reply is filed within 
TWO MONTHS of the mailing date of this final action and the advisory action is not 
mailed until after the end of the THREE-MONTH shortened statutory period, then the 
shortened statutory period will expire on the date the advisory action is mailed, and any 
extension fee pursuant to 37 CFR 1 .1 36(a) will be calculated from the mailing date of 
the advisory action. In no event, however, will the statutory period for reply expire later 
than SIX MONTHS from the date of this final action. 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Samuel A. Gebremariam whose telephone number is 
(571) 272-1653. The examiner can normally be reached on 8:00am-4:30pm. 
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If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Eddie Lee can be reached on (571 ) 272-1732. The fax phone number for 
the organization where this application or proceeding is assigned is 703-872-9306. 

Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). 
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December 2, 2005 (/" ED q|£ lee 

SUPERVISORY PATENT EXAMINER 
TECHNOLOGY CENTER 2800 



